Background: Electric stimulation of the auditory nerve via cochlear implants has made a great impact on treatment of sensory deafness. Advanced signal processing and stimulation paradigms have led to continuously improved results in speech understanding. Consequently, indication criteria have been extended to patients with profound and severe-to profound hearing loss and limited speech understanding with conventional acoustic amplification.
Introduction
Speech development is a highly integrated process encompassing harmonic functioning of several aspects, anatomic-physiological, auditory, mental, emotional and social, so that a child can be able to interpret and understand the sounds used in language.
In subjects with hearing impairment, rehabilitation and therapy are of exceptional importance. Studies have shown that speech perception and production are much better after cochlear implantation [1] [2] [3] . Surgical intervention and regular adjustment of the implant are indispensable, but not sufficient in developing complete verbal communication. Speech is a coded linguistic sum of voices in the process of communication. The process of speech development is a gradual learning of the relation between sounds and articulate movements in making those sounds. The earliest weeks and months of normally hearing infants are characterized by reflexive vocalizations such as cooing and babbling. At earliest age the speech is developed and supported primarily by hearing and imitating the sounds. In hearing impaired children the auditory stimulations are weak or they do not exist depending on the degree of the hearing disability. It causes speech impairment since it influences on two fundamental processes: patient's inability to hear the sound of his/her own voice and inability to control his/her own speech [4] . The longer the period of stagnation in speech development, the harder is the improvement even with a cochlear implant [5] .
In general, children with complete hearing loss cannot develop and understand speech without intensive, systematic and professional treatment with amplifying hearing aids, or their speech understanding is quite unsatisfactory. In cases like these better results are achieved if cochlear implant is implanted.
Speech improvement and development after cochlear implantation has been confirmed by numerous studies which results suggest that cochlear implant increases speech reception and perception skills to a degree that is not possible to be achieved with amplifying hearing aids [6] [7] [8] [9] [10] .
A total of 57 subjects with cochlear implant have been registered in R. Macedonia by the end of 2012. The first cochlear implantation in R. Macedonia was performed at the University Clinic of Ear, Nose and Throat in Skopje on 7 th of April, 2006 by the Academician Prof. Dr. Ilija Filipche and his expert team of otorhinolaryngologists.
A total of 35 subjects were implanted with a cochlear implant at the same Clinic; 25 of them were citizens of Republic of Macedonia and 10 citizens of Kosovo. In August 2012 the first implantation in a subject with a post-lingual hearing impairment was performed.
The aim of this study was to present speech development in subjects with pre-lingually sensorineural hearing loss implanted with a cochlear implant in Republic of Macedonia.
Material and Methods
The study included 31 subjects with prelingual sensorineural hearing impairment of both sexes and different age. The average age of the implanted patients was 100.4 ± 75.1 months. The youngest implanted patient was 10 month old and the oldest was 327 months old. All patients underwent audiometric examination using age appropriate methods: auditory brain-stem responses, otoacoustic emissions and tympanometry. The examinations were carried out at the Audiology Department of the University Ear, Nose and Throat Clinic in Skopje, R. Macedonia. The speech perceptions after cochlear implantations were evaluated using the MonosyllabicTroche-Polysyllabic test with closed-set words without lip-reading [11] . The follow-up period was at 6, 12 and 24 months post-implantation. We used this test to assess the ability of each patient to identify different syllable patterns ranging from one syllable, two syllables, and more than two syllables. We used lists with examples presenting four pictures and words or objects. The speech pathologist pronounced each word from the list at 70 dB sound pressure via live voice. The test was administered without the aid of lipreading (hearing only). The patients had to point-to or clearly repeat the words (or objects). We used a list of Macedonian monosyllabic, disyllabic and polysyllabic words. Children with very low linguistic levels were encouraged to make exercises with the items at home helped by the members of the family. This is best accomplished during the preoperative evaluation phase to enable valid baseline data. Each word is uttered once and the child is asked to guess. It may be helpful to use small cards to play a kind of word lotto.
Non-parametric tests of two or more dependent variables (McNemar   '   s test and Cochran ' s Q-test) were used for the statistical analysis. A p value <0.05 was considered to be statistically significant. Table 1 presents the distribution of subjects with cochlear implant (CI), who can or cannot identify monosyllabic words, at 6, 12 and 24 months following implantation. Two years after CI all examinees pointed to the picture with scarf, nose, and juice, and only 1 examinee could not recognize the picture with the chair. These differences were statistically confirmed.
Results
Cohran's Q-test showed a significant difference in positive and negative results obtained from the Test for identification of the number of syllables in monosyllabic words in examinees with CI during the analyzed period of 24 months.
McNemar's test showed that 24 months after implantation examinees identified monosyllabic words significantly better than 12 and 6 months following implantation. Also, 12 months after cochlear implantation these words were significantly better identified in comparison with the period at 6 months post-implantation.
Six months after cochlear implantation 5 (16.2%) examinees were able to identify cap (kapa), 21 (67.7%) baby (bebe), but none of the examinees could recognize cat (macka) or ball (topka). Twelve months after implantation, 21 (67.7%) examinees were able to identify cap, 30 (96.8%) baby, 9 (29.1%) cat, and 20 (64.5%) ball. Two years later all of the 31 examinees could identify cap and baby, 24 of them could identify cat, and 29 could identify ball.
In the course of the analysis performed in the 24-month period after cochlear implantation there was a statistically significant difference in the ability of the examinees to identify disyllabic words ( Table 2 ). After 24 months of intensive everyday postimplantation rehabilitation and therapy, a statistically significant difference was registered in the ability to identify three-syllable words.
Concerning the identification of polysyllabic words the examinees showed substantial improvement in recognizing ice-cream (sladoled) at 6 and 12 months after implantation, whereas the difference in the ability to identify ice-cream in the time interval between 6 and 12 months was not statistically significant. The word banana (banana) was identified by 32.3% of examinees at 6 months after implantation, by 22.6% of examinees at 12 months and by 96.8% of examinees at 24 months. The difference was not statistically significant only in the period between 12 and 24 months. One examinee alone identified telephone (telefon) at 6 months, 16 examinees at 12 months and 26 examinees at 24 months post-implantation. Statistically tested differences among all analyzed time intervals were significant.
There were no examinees who could identify truck (kamion) at 6 months, while 22 examinees could identify it at 12 months that was an insignificantly smaller number than 28 examinees who could identify truck at 24 months post-intervention (Table 3) . 
Discussion
The results obtained with the Cochran's Qtest have confirmed a significant difference in identification of monosyllabic, disyllabic and polysyllabic words in examinees with cochlear implant during the analyzed period of 24 months. There was also a significant difference concerning the time period of utilization of cochlear implant.
McNemar's test has revealed that examinees significantly better identified monosyllabic, disyllabic and polysyllabic words 24 months after implantation in comparison with the period at 12 and 6 months. Also, 12 months after implantation these words were significantly better identified in comparison with the period at 6 months.
During the entire semi-annual period the words have been practiced intensively everyday in rehabilitation sessions using teaching devices.
Monosyllabic words were best identified 24 months following cochlear implantation (by 99% of examinees). During the same period disyllabic words were identified by 93% and polysyllabic words by 83% of examinees.
There was a significant difference related to the period of utilization of cochlear implant.
Polysyllabic words were least identified (9.7%) 6 months after implantation; disyllabic words were identified by 21% of examinees and monosyllabic words were best identified (35%).
Control analysis 12 months post-implantation showed a significant difference. Polysyllabic words were least identified (40%), followed by disyllabic (65%) and monosyllabic words (85%).
Twenty-four months after implantation identification of all types of words was improved although best results were achieved in recognizing monosyllabic words (99%), followed by disyllabic (93%) and polysyllabic words (83%).
The relation between auditory words and number of spoken words has revealed that the examinee can understand these words, but we did not monitor the auditory perception and its notion and cognitive use [12] .
In general, the results suggest that cochlear implants improve speech production to a level that is not possible to be achieved with conventional hearing amplifying aids [13] . These results were to be expected since the hearing aid emphasizes auditory stimuli only in the low sound frequency area, which is not sufficient for creation of auditory picture of all sounds and voices, and hence, the ability to develop verbal communication is very small. Numerous studies report the benefit of cochlear implant use in comparison with conventional amplifying hearing aids. In all spheres of verbal communication the results are statistically better along with reduction in the degree of anxiety and hyper-reactivity in children and depression in adults. In a previous study we examined the verbal evaluation of the same patients when using conventional hearing amplifying aids. The results obtained were poor and, hence, these patients underwent cochlear implantation, which led to significantly better auditory and verbal perception [14] .
Better hearing perception and speech production after cochlear implantation have been presented in several studies. Dowell et al. analyzed cochlear implant value in speech production and detected improvement in speech perception in relation to the length of time [15] [16] [17] .
In 2001 Valimaa TT et al. published their study that comprised 67 patients with cochlear implant. They examined sound perception of the Finnish language using the test of word recognition. Three months following implantation 54% showed positive results in word recognition, and 24 months following implantation 74% showed positive results. Six months following implantation 40 subjects were able to recognize some words without lip reading, and 26 of these were able to use the telephone [18] . There results obtained with the same test as ours are in agreement with the results obtained in our study. In 1998 Kiefer J et al. realized a similar study in 17 implanted subjects. Using the tests for monosyllabic words the recognition scores increased significantly from 9% pre-operatively to even 42% post-operatively [19] . Prospective studies, such as that of Gstöttner et al., using tests for syllables, words and sentences recognition of closed-set after cochlear implantation and hearing rehabilitation training demonstrated that 98.7% of subjects could understand the text [20] .
In conclusion, after cochlear implantation there is a substantial improvement of speech production and perception in children with pre-lingual hearing impairment. They show better hearing perception and speech production of monosyllabic and polysyllabic words.
